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(54) ZOOM LENS 
(57)Abstract: 

PROBLEM TO BE SOLVED: To 
obtain a zoom lens where various 
kinds of aberration are satisfactorily 
corrected so as to be satisfactorily 
used for a high pixel digital camera 
while the lens is provided with the 
high variable power of 5 to 11 and 
the lens has a wide half viewing 
angle of 40° . 

SOLUTION: The zoom lens consists 
of a 1 st lens group 1 G whose 
refractive power is positive, a 2nd 
lens group 2G whose refractive 
power is negative and a 3rd lens 
group 3G whose refractive power is 
positive in order from the object 
side, and at least the 2nd lens 
group is moved and the 3rd lens 
group is moved to the object side 

so that a distance between the 1st lens group and the 2nd lens group may 
be increased and also a distance between the 2nd lens group and the 3rd 
lens group may be reduced in the case of varying the power from a short 
focal end to a long focal end, and the 1st lens group includes at least one 
negative lens and one positive lens, and it satisfies the following conditional 
inequalities; 4.5<f1/fW<20 and 2.9<p3T/03W<8, provided that the focal 
distance of the 1st lens group is expressed by f1, the focal distance of the 
zoom lens at the short focal end is expressed by fW, and the paraxial 
horizontal power of the 3rd lens group at the short focal end and at the 




long focal end are expressed by 53W and 53T, respectively. 
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£ 3 . ; j@^«sr<Dmrie^3 u>x#©is8i,3t(§* 

/3 3T ; g^*JS-c©miam3 b>X8¥©iS«l«lS^ 

(16) 12jf*fflU: 0 . JE©®Jfr^€rW^-S^ 1 U>X 
S¥. ft©®«T*€r^-r-2,^2U>X8¥. iE©/S*r 

t>*m?*>?&3 u>xgf<tjE©®*f^*wr^4 u> 
xsf«t«3«(S;3nrc4gfx-Au>X{ctjtir. jsgos. 
sw> e.s^.^Jg^©^^f{c o . mzm l u > x«f i ^ 
2u>xgp©rapij!»ittj)n-r-5«fc i 5(c. mo, mam2u 

>xmtms£&3 u>Xgf©|g|PS*s^-rSJ;-5«:. d> 

<bt>i5ria^2 u>xef*i^s6u. B?sa$83 u>xg* 

#1?J(*.l!jk:. 9913^4 U>Xg?*iig)ft:fflJ{C^S!|-r^X- 
5X-AU>X. 

[002 1 ] (17) !gJ{*9JJ: 0. iE©®Jf^=&Wr 

5»iu>^sf, fi©sft#*w-rsf&2 u->xg¥. *$ 

TTS3S4 U>XS?J:t5^$nfc4ffipX-AU>X(c*$ 

^r. ^*jg*>6g^i«^©^{ci?go. fliiasfn 
o. sjia^2 u>xaf<tt(ria^3 i>>xu<Dmmm'j> 

T^xfc^K:. <hfcMfai&2 u>X«f*i^Si>t. mi 
ie^3U>Xi¥*^«: 1 l!l«:. B?ie»4 ^XgfaagjftlM 

sx-au>x-c. WTo^fr^jiJSL. ^ 

>x. 

[0 02 2] 

3. 3<(3 J , T //3 J ,.<8 • • • -S;[13] 

: SJH.*Jgr-©B«iam3 v>xmtm%sm4 u> 
XSf©^R5E©ifi#m(S^ 

/s J4I ; g^.»^-c©Hyfem3 u>xn<tfrfam4 U> 
xgf©^fix©ia#«fg^ 

(18) &.T<D2kftl£$:m&-?Z>C t^'&Ltthm 

ia ( i 7 ) cciats©x— a u>x„ 

[0023] 

3. 3<(S J4T /(3,,.<6 • • • -S[14] 



(6) 

9 

fib. 

[ o o 2 4 ] Mia ( i ) (c*ji*r. m i b>xg¥©«u£ 
wm*it®m&<®m-rz>t*tic, m3b>xp©^fg 

±©CCD^©@#««g^£ffii,>. 4 fgJJl±©^fglt 10 
£3 5* ^©^Eft^WTSxi^JUX^*.*^ 

>Xf¥. ft©JS$M7©m2 U>Xg?. JE<DmifTt}<Dm3 
U>Xf?«fc «3 3 fflft»J&©X-- A b >X(C*i(,>T«\ 

SrJlSib/c. 

[0 0 2 5] ^.ftS [ 1 ] ©TRB^LfcSfcSi. b> 

x£gtt*s< mm$Mi-e .mi u^xmia:*, 20 

JStf &©:ftit§yfs©«#*5;*;i* < JQc 9 . W3ES«^€P < % 
oTb* 5. jgK&frsS [ 1 ] ©JiRB^fi*.*,!: b>X 
±&W& ^.^r<DA©^ffiiR^ 

£fc. 3M$5£ [ 2 ] ©m*oyt*t>-2. 

«t. ^3 b>Xg¥©^{g;ftfi;!^i>&<. ^ibJ&jg^-r 

mk£3&-e<Dn<Dmm$mv>mj£.i)m b < & tc 0 . ^ 

fgKJ^nviRig^ffcM^©^^* < fc*. iWc 
[ 2 ] ©±IE£i@;i£t. IS3 U>Xef<D^«jfi 
***S<tt9, b>X£g*sg<&*)-rtf % *?£b<& 30 

[0026] ttc. mrie (2) «c*sc>-c. s&3u>Xi¥ 

©^(Bllffitt^ttiS [3] ^SSJSStt-Si. jgtCJ:<,>. 

[0027] jgtc. Bute ( 3 ) tc*si,»T. jgji*ja*»6 

^.^^©^{gttfiSbiiiiiami b>XBWf&iffiiJ{c:gf& 

mL>#t< tra. 

[0 02 8] JgtC, H5IS (4) CC*j(,»t\ 
Si. ^3 U>XSfaE*©fiJr»*J^3 - b U>Xg?«:ifi 

m 2 u > x& t Bima3k£©raisa*isft+#&£te 
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[0029] Mia (5) fc*$c>r. mi v>xm<om& 

V > Xf¥©^©^{*tiS^ltf5W^ < /c#£ C i (C 

<fc »? . 10 07fmmm±<oc c DH©@t«g&j^£fli 
<<>. 4fs«±©^stt<!;3 5- ^oymmnzm-rz? 

5£ [5] ©TKfcb/cSfrSi. b>X£g«31<ft.5 
JIMST-. mi u>Xg?lc J: *«*?&©:&&£© 
iifEE&tt;*:S<fco-Cb$5„ jMK 
[5] ©±fK€iB^.SiU>X^g5!»5fi<^»3-r 
Sf. ^*3SSr©^©Mfl»R^*^#<^-S. & 

[6] ©TE^L/citoii. f&3U>Xgf£!fl4 
b > X8f©£»&©^<Smfias4>& < ft t) , ^{gfcfc£«i<5? 

b. ^*«-c©ft©mftj|^*5iiL / <^-,fc'3. £fs 

fc«fcSn'7JRM-?>«E^ft©^{t*s^#<%.2.„ jMCc<& 
[6] _Ug£*e*.££. S&3 b>XSf£Sfl4 b>X 
i¥©^S&fi^* < & 0 . U>X^g*ig < & ij -T^f. 

[0 03 0] S/c. H?ie (6) Kfcl>T, ^1 U>Xg? 

vmgjmits [7] ^ss^-si. igtcj: 

[0031] s/c. B?ie (7) tctjc^r. m3v^xm 
tmA u>x»©^(s©^^tH«^f!}:je [ 8 ] *mj$. 

[0032] Jg{C, Mia ( 8 ) &C*$t,>T. JE©^5f^J© 
miU>XP. ^©S9r^©m2 U>Xg¥. iE©JlJf^ 

©JH3 v^xntjE<Dwmt>^mnmA ^>xm*)fi 
S4i¥«fiS©x-Au>X(c*jt>rfc. igc^ttggiKft 

ft©/c»{C{J. mi U>Xgf«:^)tc< ifeftU>Xlfe 
iiE U > X 1 ^«r^t?»^ 1 1 Z> C t *SS * b t >. 
[0 03 3] ttc. ffiiS, (9) CC*J^r. jg*u&ttft»6 
Si»*JS^©^f5{c|gbOTiam 1 u>Xgp*i«fflij{c^K, 

[0034] MfC. MG(10) tcfct^-C, ^4 U>X 

5. [9] ©TTS*bfc*t>-Si. 

y©^S6S*sii^. 7*-*~»^{cJ:SiR^ 
3Wfc*»**<«c*. &CC*fl3C [9] 
»3 U>Xgf<!:m4 U>Xfflf^-«wibr^/cit©^ 

[003 5] 891a (11) (Cfct»r. xE©e*f^J**5t5I 
«:*S. X-Ab>x-c«mi u>X^cc <: fcs®*T^© 
*«l^©«#«^:#<. ^tcffllH^#(,»3Si»Mi«'Cb 



11 

fri>3&& [10] *«£-fSJ:5ftl£ft©X---AU> 
XT?«fg«(c&£„ #fg#PJ©X-Ab>Xrii. %2 

ftfcftl*. ^2 U>X8?=&ig5f*WJ:'3 3«t<DftU>X<t 
^ft< £t lft©IEU>X£#tf£ 5 ^ 
2 U>Xefffljii^(Df4^36^<Z)i«#*+^«:/jN$ < -r 

StlO] ©TPESrO/cSfcSi. S&2 U>Xgfti^U 
>X2ft5r^t?U>X«fiS-Cfe+^"C*>i3. *^^<D 
#^«Ci3 6 I &H£&6&<.>„ i&t^SC [10]© 

#<ft9*f*L<ft(,>. 

[0036] jgtc. nJie ( i 2 ) «c*j^r . 

[ 1 ] ^SUE-Tii^CC-rii. M«:B?SS©/h3(,»X 
-Au>x«r^4c<b*ir#s. wri*u/cJ:5cc. 
3£ [ 1 ] ©Ti?:Uc*b5i$l U>XS*K:j:SJS$f 

z>. a»cc^s; [ i ] <o±.m>kmz.zt visx±&&& 

[ 0 0 3 7 ] HflTte ( 1 3 ) iO'WIB (14) «:*>-(,> 
T. «tf*MJ:r). iE©®^*^ SIS 1 Ji 

©s*f^*wf 6^2 u>xgf. go ts.<Dmm^m 

•TS^3U>X^J:0«^3n/c3i¥X-AU>XK:*i 

u > xg? i Miem 2 b > xs¥©raps*sii]]n-r * j; 5 k . 

So. B?feifl2 U>Xgp<!:H?IBm3 U>XffCDfflPi*ig 
4>-*-£J:*>{C, ^ft< ifcBiiia^2U>XSP*s^l6L. 
wrge^ 3 U >X&&®WmUL®Wf S x- a u > x-e 
«. &«3£l&3 U>XgP©M«:Egl/fc/c«?). U>X© 
«H)iffig#te»61<^f), CCD4E>«? 
^(CJBi £ ft 5 *». I3U> Xffif ««:ffliJ{C^«j-r -5. ft: 
*>>. &9©2£-S£tcl,r*j< i5S)Hl^S*>6ft^SS 
•^©^f§{ctec>rg)l.^©F ± < 

^.*«©F^->/<-4/h3< Uft<Tfcg805ijg©F 
[0 03 8] &#5£ [11] ©TPB*bfc*to*4. » 

SSSr ©^©Mft4K^©ffliE»Jit I, < ft 0 . ^fg(c J: 
*:3^iRM^<£ffi&ft©^(fc#*#<fc£„ jgccgrftse 

[11] ±©?re^«.<b. J&3 u>XSf©^Srtt^# 
<ft0. U>X^g*ig<^^-r?5?S0<ftO 0 

[0 03 9] g-ttS [11] fcffifc-f X-AU>X©J* 

**<ft£©t\ mm<D£5Kmmtv'&zmz&mfr 
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e.ft^^©^fg©^cc^# < -rztzoywmmi, 
<• Mii*ffi©»R^*aSfK:ffliEOfclS^igX-AU> 

[0 040] ( 1 5) «cte^r. flT3 u>x 

B©saama»sfeft5« [12] jscct 
( 0 0 4 1 3 wrie ( 1 6 ) fcitfiftie (17) cc*>i> 

t. 12»{*fln|J:9. iE©SJT^^:WrS^l U>Xff. ^ 
<Dm$it)*:m? Z>m2 U>X#. gi), iE©®*^**? 
10 -T£!&3 U>X®f<tiE©®»f^4W'r^4 U>X|*<J: 
«5«^?nfc4lfX-AU>XK:*j^r. )SM^MM>6 
^*«^©^{§k:|£u ffifaiB 1 u>xgf<tl&2 u> 
xs^faraatftJnrrsj;^ mo, iwias&2 b>x& 
iwrie®3 u>xef©rapg*i«^s<fc'5{c. ii>ft<£ 

bffiiffi 2 U > X8¥##l& O . Mfam 3 U > Xgfj&flBjfl: 
flJCC. gflffam4 U>X»*i!gjfl:)BItC^«rriX-Alx> 
Xr«. iK0?r^3 U^XgfCifKcESO/cfc*. U> 
X©«me{4g*i^^s^6a<ft0. CCD*»»5 
Tfc^SitCtfjgtftSAJ. »3U>X»t»4 U>Xfif# 
20 1&<*M(Ci£l&-r iK0©S^— SKIT*J< 

6gjH*J£'N©^{g{t fct,>T ana^© f ^- > 

<ft^>. ^-C-C. H?^<3 ©ga0C^ »3a?r5@ 
a*«*^g^i«'N©^^©K(c^:#< -rs «fc ^ccf 
•5 £ . J§j»*jg i gJH*Jg-C© F J- > / < - <omt*>b ? 
<-r^ci*5r#. ^^«8©F^>^-*/j>$< uft 

< r fcgjljSSgcDF ^ >/*-©*§ So -e©^ 

[0 04 2] [13] ©TK*L//cit)-5<h. ^ 

3 U>Xgf i|^4 U>XS?©£gR©^fSltffi#S4>>S:< . 

< ft ofcO . ^fgCC J;Sn vjR^^Sjgft©^^*^ 
*<ft-5>„ i£«t£#5Sj [13] ©±^4fi^.-5<!:. ^3 

u>xmtm4 w>xg¥©#s&s#;*:i*< ^o. u>x 
< ft o r^m s u < ft (,>. 

[0043] ^ftS; [13] ?rSi/c-rx- A U>X©J« 
L/c^©F^>^'-©^{b«^ft 0 
^#<ftS©r. ^©Jr^tcgajSjGKOS*^*^ 
6g^«-©Mg©^{c^^ < -T-5 i-e©5^*s^b 

40 <. m*^©iR^*^« : K:]iiEO)rc^fgx-Au> 

[0044] */c. B?I2 ( 1 8) «Cfo<,>r. ^3 U>X 
SP<b^4 U>Xg¥©£>£©g{gj|J§tt&fr5£ [14]^ 

[00453 

imtm) WTtc*^©x-Au>x©H)tecai^ 
■r. ^«s^(cfcw-5fg^«Tie©ji'3r*€.. 
[0 0463 f : &MMismm 

F„„ : F^>^'- 
50 to : 
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r : m^momm^-m 
d : mtrMomm 

N : U>XTO©dS-C©Iff$ 

v : U>XfrJf4<D7 

f, : KU U>Xgf©a*iS8t 

: fiJi.^iC*JWi®3 U>Xg?<DjS8l«t<g35 
(3„ : taMgMtC*sVZ>m3 l^>X»<Difif*mfS^ 
IV. 
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/3 J4 . :5©^*«JC*jW2,^3U>X|¥<!:m4U>Xi¥ 

f, : IB 3 ^X8f<Dgu±i8eai 
f, : I&4 U>Xg*©gu£ffi8t 

[0 04 7] 
(SSI ] 



10 



:^3-ab>Xp©^^gt 
:JB3-bU>X8¥cDj££Bj8t 
:g&£J£fc::teWSSP3U>X#<Lm4U>X8f * 

hV 

x = 1 c ..." N 0 + A4I1* + Aeh 6 + A»h 8 + Aioh 10 + Aiah 12 



[ 0 0 4 8 ) 8* 1 VK\mmB<DPM5£&, A, , l*#Hc 
E&&(i=2. 3, 4. 5, 6) *9jkL, R«jfi«|fl 

[0049]* tc&mmWV . t> ttUI 2 U >XB? 

iM3U>Xffif©tfjra(cEgbT*J0. ^tetftcSSL 20 



* [0050] (mmm 1 ) mmm 1 1 
m*mi i-i 5cc$*n^*i6w-c*s. *»m<D 

[005 1 ] 
[*1 ] 



f=4.4~ 


11.6-30.0, F^—3.5— 4.2-4.5, 


w=40* -17* —6.5* 




R 


D 


N 


u 


1 


29.262 


0.70 


1.84666 


23.8 


2 


20.919 


7.00 


1.69350 


53.2 


3 


313.159 


0.50-8.42—18.78 






4 


47.144 


0.60 


1.77250 


49.6 


5 


8.763 


3.20 






6 


26.246 


0.60 


1.77250 


49.6 


7 


11.242 


2.50 






8 


-882.447 


0.60 


1.77250 


49.6 


9 


16.621 


1.30 






10 


15.264 


2.50 


1.84666 


23.8 


11 


84.531 


38.38-14.80—4.50 






12 


15376 


2.00 


1.69350 


53.2 


13 


—73.947 


0.20 






14 


11.626 


3.30 


1 .69680 


55.5 


15 


-13.073 


0.60 


1.80610 


40.9 


16 


12.159 


1.50 






17 


27*15 


1.00 


1.84666 


23.8 


18 


11.056 


0.80 






19 


77.792 


1.80 


1.58913 


61.2 


20 


-15.872 


2.50 






21 


22.825 


1.80 


1.48749 


70.2 


22 


—211.742 


7.09-12.58-19.26 






23 


oo 


1.75 


1.54880 


67.0 


24 


oo 


0.20 






25 


oo 


1.75 


1.51633 


64.1 


26 


oo 









[0052] 

im2) 



15 







£3® 


K = 213.B80 
A4= 1 .94530X1 0~* 
A«= 1 .66790 X10~ 8 
Ae= 9.16040X10"" 11 
Aj 0 =-1.74830X10~ 13 


tei3is 


K =-4.9447 
A, = 3.30060X10~ 5 
Ae= 1. 50800X1 0"" 7 
Ag = -1. 30090 X10~ 8 
^ 0 = 7.58940X10 -11 


= 11.63 
^3T^^3w — 3.61 
f 3 -. B /f3_ b = 0.44 
« w = 40* 




4>na=^4.2 

6.0 
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* [0053 ] U>XlRM0«S2CC^-rilO^« : 
[0 05 4] (%»fc0l2) 9mtt2ttflM»g 

[0055] 
[*3] 



10 



f=4.4~9.8— 22.0, ^=2.8-3.3-4.5,01=40 * —20* —9 ' 



1 

2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 



00 
00 
0.20 
80 
0.50- 
883 0.60 
635 350 



.099 2 



58.92711 
37 

161.173 
34 

63.182 

21. 
7. 

45.221 
11,1 

-87.468 
27.653 
16.558 
72.202 
15.448 

-34.640 
12.383 

-13.565 
12.280 
30.700 
11.175 
64.039 

-13.726 
23.153 

-67.425 
oo 



oo 
oo 
oo 



8.59-19.44 



0.60 
.00 
0.60 
1.50 
2.00 

33.49-13.35-3.50 
2.50 
0.20 
3.50 
0.60 
1.50 
1.00 
1.00 
2.00 
3.50 
1.80 
4.85 
1.75 
0.20 
1.75 



-9.82-17.24 



N 



1.80518 
1.69680 

1.60311 

1.77250 

1.71300 

1.71300 

1.84666 

1.69350 

1.69680 
1.83400 

1.80518 

1.48749 

1.48749 

1.54880 

1.51633 



25.4 
55.5 

60.7 

49.6 

53.9 

53.9 

23.8 

53.2 

55.5 
37.2 

25.4 

70.2 

70.2 

67.0 

64.1 



[005 6] 
[*4] 
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18 






* [0057] u>xiRM0^4«:^-raoa« : 


#15® 


K =- 


-7.78440 








3.28000X1 (T 6 






Ae = 


5.87960X1 0~ 7 


li^l 1-1 5GC^*ft£H&fflr*£ 0 *JS0«3<D 




Ae = 


-3.23000X1 0~* 






A 10 = 


3.94220X10" 10 




f,/l w = 


15.43 


[00591 

l v \y \s j 




3.25 






0.47 




<u w = 


40* 


10 






5A 








*H=*5.1 
gftj&«=*5.9 





i=4.4~ 


11.5-30.0, F no = 


3.5-4.2 


— 4.5. « 


=40' —17 * —65* 


®## 


R 


D 


N 


¥ 


1 


54.559 


1.00 








1.80518 


25.4 


2 


31.612 


3.80 








1.69680 


55.5 


3 


218.389 


0.20 












4 


32.697 


2.50 


} 






1.60311 


60.7 


5 


80.198 


0.50—10.72— 


21.41 








6 


42.769 


0.60 








1.72916 


54.7 


7 


7.997 


3.20 












6 


39.612 


0.60 








1.69660 


55.5 


9 


11.087 


2.00 












10 


—144.820 


0.60 








1.69680 


55.5 


11 


17.423 


1.50 












12 


15.586 


2.20 








1.80518 


25.4 


13 


94.751 


33.48 


—13.17—3.50 








14 


15.986 


3.00 








1.69350 


53.2 


15 


-57.121 


0.20 












16 


12.100 


3.60 








1.69680 


55.5 


17 


-15.584 


0.60 








1.83400 


37.2 


18 


12.324 


1.50 












19 


26.266 


1.00 








1.80518 


25.4 


20 


11.350 


1.00 












21 


50.812 


2.00 








1.48749 


702 


22 


—15.132 


3.50 












23 


19.412 


1.80 








1.48749 


70.2 


24 


-108.863 


6.38- 


-12.13- 


19.57 








25 


oo 


1.75 








1.54880 


67.0 


26 


oo 


020 












27 


oo 


1.75 








1.51633 


64.1 


28 


oo 















[006 0] 
[*6] 



19 







g?15® 


K =—10.1290 
A» = 3.00180X10~ 5 
Ag =-5.72400X1 0~ 7 
Ae =-2.06950X1 0~ 8 
^ 0 = 1.59490X10" 10 


\y/\ m « 1139 

Ps\/Py* = 3.10 
f 3 _ a /f 3 _ b = 0.53 
w w «= 40* 




* 4.2 
4»H= * 4.2 
Sfcj&*=*6.1 
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[0062] (^JSCT4) SI*6W4^ff^5-l 2R 

tfift^qu 6-i 8^*n^n«g^r*^ 0 i»4 

[0063] 
[*7] 



10 



f=4.4— 11.5—30.0.^=3.5-4.1— 4.5,* =40' -17' -6.5 " 



mm* 



1 

2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 



29.6041 
21.084 
236.755 
38, 

a. 

30.375{0 
11 

-3015.661 
17.148 



U830, 
.1733 



.479 2. 



15.376 2.30 



90.502 38.38 

15.559 
—74.931 

11.660 
-10.9770, 
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